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ABSTRACT
The Effects of Early Optic Lesions
on the
Ectomammillary Nucleus of the Chick Embryo
February, 1984
Carol Kwei, B.A. Columbia University
M.S. University of Massachusetts
Directed by: Dr. Katherine V. Fite
Comparisons were made between EM in normal chick embryos and
EM in optically lesioned embryos. White Leghorn eggs were obtained
and incubated until the embryos reached stage 12. For partial optic
lesions, a cautery tip was placed next to either the inferior or
superior half of the eye until the tissue became opaque. For com-
plete eye lesions, the cautery tip was applied until the whole optic
primordium was bleached.
Embryos were sacrificed at 5,8,10,12,14 and 16 days of incuba-
tion. Results showed that embryos demonstrated an identifiable EM
by 8 days, which increased in size until day 12, after which there
was a decline in both area and cell count. Embryos with partial
lesions showed reduced EM's (as compared to normals) contralateral to
the surgery but effects were not as severe as in complete ablation
cases.
The data demonstrates that EM is present at 10 days of incu-
bation, whether or not surgery occurred. This contradicts Crossland's
work (1979) but agrees with Cowan (1971). There is evidence, too,
from comparison of complete vs. partial lesion embryos, that transient
V
ipsi lateral pathways exist, which disappear from 13-17 days
tial lesion data seems to point to a lack of topography in
This, however, needs further research.
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CHAPTERI
INTRODUCTION
In the field of neuroscience , an area of great interest to
researchers is developmental neurobiology, which examines the sequence
of neural development and how these systems are refined and even how
they can be modified. It is believed that many of the systems of the
brain are "hard-wired". If this is true, then "modifying" an embryo
early in development should not cause any change in the growth of a
structure. If there are structures in the brain that are not
hard-wired, then early manipulation can produce a change in the
development of those structures. This possibility raises the questions
of 1) Are there structures that are not hard-wired? , and 2) Why are they
not hard-wired/what makes them different from other structures? One
animal that has been used extensively in such research is the chicken.
Chick embryos are easily accessible and survive surgical manipulation
well. Also, the structural organization of the avian nervous system is
very similar to that of mammals. Because the response of chick embryos
to manipulation is easier to interpret than that of mammals, much of
developmental research has been done on this animal. A great deal of
research done on the chick embryo preparation involves the visual
system. Since the chick visual system is similar to the mammalian
visual system, research on the chick can reveal certain aspects of the
latter 's organization and functioning. More specifically, the chicken
1
2embryo has been studied in terms of the optic tectum, isthmo- optic
nucleus, lateral geniculate nucleus and the accessory optic system.
(These all have direct connections with the retina.)
The accessory optic system (AOS) has been implicated in the control
of head and eye movements in a wide range of vertebrates, particularly
birds(Fite et.al.,1981, Montgomery et.al.,1981, McKenna and
Wallman, 1981 , Morgan and Frost, 1981). Crossland (1979) reported that
the ectomammillary nucleus of the AOS is different from other structures
in that it can be modified by early surgery. Specifically, he states
that early surgery will result in the failure of the ectomammillary
nucleus to form. Cov/an, however, did not obtain such a result (1971).
If the ectomammillary nucleus can be modified by early surgical
manipulation, then one could also investigate other aspects of its
organization. For example, one could experimentally determine if this
nucleus receives topographical projections from the retina. If so, high
rates of cell death might be observed in specific areas of the nucleus
after lesioning specific areas of the retina (McLoon, 1982) . Whether or
not the ectomammillary nucleus is different from other developing
structures, will be reexamined in the present thesis.
Early Brain Development
In a developing embryo, the nervous system first appears as part of
3the surface ectoderm. This is called the neural plate, which develops
into the neural groove and then into the neural tube. After the neural
tube is formed, there is a period of frequent cell divisions causing the
rostral end of the wall to bulge outward. This forms the three major
divisions of the brain; forebrain, midbrain and hindbrain. Some major
visual structures that derive from the forebrain are the optic
vesicle(eye primordium) and lateral geniculate nucleus. The optic
tectum, oculomotor and trochlear nuclei derive from the midbrain. In
the midbrain, the dorsal surface forms a roof to the midbrain (a
tectum), and enlarges to become the colliculi in mammals. In
nonmammalian vertebrates, this structure is referred to as tectum
(Lund, 1978).
Major Structures in the Avian Visual System
In most birds, the retinal projections to the central nervous system
are completely crossed. Therefore, all optic nerve fibers decussate at
the optic chiasm and then proceed into the contralateral optic tract
( Cowan , 1971 ) . From this point fibers terminate in the optic tectum and
the accessory or basal optic tract. The accessory optic tract travels
along the ventral surface of the brain and terminates in the
ectomammillary nucleus (Cowan, 1971).
nION. The isthmo-optic nucleus (ION) is a prominent structure of the
avian visual system. It is recognized as a collection of medium- sized
neurons found in the dorsal part of the midbrain, next to the pia and
medial to the caudo-dorsomedial edge of the optic tectum. It is the
site of origin of centrifugal fibers to the retina in birds, receives
its major input from the optic tectum, and has been studied extensively
during development (Cowan, 1971, Crossland et.al.,1975, Lund, 1978). In
chicks, the ION can be first recognized by embryonic day 8, but does not
become numerically complete until embryonic day 11. At this stage,
there are about 22,000 cells in the nucleus. This population is
generated between stages 28-31 (A stage denotes the age and development
of an embryo, total number of stages= 45 (Hamburger and Hamilton
series, 1951) ) .(Clarke et. al.,1976). During the peak period of cell
generation, more than 80% of the population finishes cell division, or
becomes post-mitotic
.
The neurons of the ION are generated in a tempero-spatial gradient.
The first cells to become post-mitotic are found in the ventral part of
the nucleus, while the last cells generated reside in the dorsomedial
quadrant of the nucleus (Clarke et. al.,1976, O'Leary and Cowan, 1982).
The cells themselves , at day 15 of incubation are multipolar, with no
preferential orientation among the axons and many dendrites. By day 20,
all of the cells are polarized, (i.e. they have defined dorsoventral
and mediolateral axes) with one or two dendrites stemming from the
perikaryal apex (Angaut and Raff in , 1 981 )
.
The source of the tectal afferents to the ION is located in the
outer layers of the optic tectum; the stratum griseum et fibrosum
superficiale (SGFS) which receive direct retinal input (Diagram 1). The
ION itself projects to the quadrants of the contralateral retina in an
orderly fashion. Fibers probably end on the inner aspect of the bipolar
cell layer or upon amacrine cells (McGill et.al., 1966, Hayes and
Holden , 1 983a ,b) . Other research postulates that the ION also projects
to the ventral lateral geniculate and the nucleus externus (Crossland
and Hughes, 1978)
.
Optic Tectum Another major structure in the visual system of the chick
and all nonmammalian vertebrates is the optic tectum. Retinal ganglion
cells project to this structure in a topographical fashion. Two major
hypotheses have been given for tectal organization:!) optic axons grow
from the eye in order and maintain this order to their termination
sites, or 2) the optic axons grow in a diffuse manner and are somehow
refined in the termination field (McLoon, 1982) . Development in the
tectum does not follow a simple pattern. The first cells to be
generated lie in the deepest layers, the next wave of generation becomes
the superficial layers and the last wave becomes the intermediate
layers. (This differs from the pattern of the mammalian cortex where
cells are generated in an inside-to-outside sequence.) There is overlap
in the generation time of cells and no specific pattern of large cells
being formed before small cells (Lund, 1978). Fibers first reach the
6tectum on the sixth day of incubation and develop over the surface
during the next six days (Crossland et .al
.
, 1975) . Specifically, the
peak of tectal cell proliferation is at day 6, declines over the next
two days so that only 25% of the mitoses occur at day 8, and by day 10
there is a very low level of mitotic activity (Cowan, 1971 ) . Rager and
von Oenhausen (1979) have also discovered that the fibers immediately
invade the site most mature in structural development in the tectum, and
do not wait at their original termination site. This independence,
however, changes on day 12, when the outer layers of the tectum become
dependent upon retinal input for continued growth (Crossland
et.al
.
, 1975) . For example, if a chick embryo loses an optic primordium
early in incubation, day 12 will mark the beginning of an increased
amount of cell death in the tectum. By day 18, the- layers a-f of the
stratum griseum et fibrosum superficiale are similar to those in mature,
post-hatched chicks (Crossland et.al., 1975).
Accessory Optic System
The portion of the avian visual system to be examined most closely
in this thesis is the accessory optic system (AOS). The components of
this system, located in the midbrain tegmentum , include a fascicle of
retinal axons, the basal optic root and the nucleus of the basal optic
root. The nucleus of the basal optic root (nBOR) complex consists of
7several components. These are: a) the nucleus of the basal optic root
(nBOR)
, b) nucleus of the basal optic root pars dorsalis (nBORd) and c)
the nucleus of the basal optic root, pars lateralis (nBORl) (Brecha
et.al
.
, 1980) . The nBOR, nBORd and nBORl correspond to the
ectomammillary nucleus, the nucleus periectomammillaris and the nucleus
periectomammillaris pars lateralis .respectively
. The terms
ectomammillary nucleus and/or nBOR are commonly used in birds (Brecha
et .al
.
, 1980) . Some researchers prefer using the term nBOR to denote the
ectomammillary nucleus (Montgomery et.al. ,1982, Fite et.al., 1981). For
reptiles and anamniotes, the term is either nBOR or nucleus opticus
lateralis tegmenti. In mammals, on the other hand, the terms medial
terminal nucleus and nucleus transversi pedunculi are used (Brauth and
Karten, 1977, Brecha et.al
., 1980) . A comment must be made here about the
terminology, which implies that the structures named are homologous. If
two structures are homologous in two different species, then they, in
principal, share a common evolutionary history (Hodos, 1976), whether or
not they share the same function. In a comparative sense, this has not
always been proved conclusively. Hence, the implied homology of
structures is used to denote similarity of structures, based primarily
on connectivity.
It has been shown in pigeon and chicken that the nBOR complex
receives retinal input exclusively from the displaced ganglion cells of
Dogiel. These cells are found in the inner nuclear layer and inner
plexiform layer of the retina. The somas are large in size and have
8dendritic arborizations within the first stratum of the inner plexiform
layer (Karten et.al.,1977, Reiner and Karten, 1979, Fite et .al
.
, 198I )
.
Other researchers have found that displaced ganglion cells not only
project to the nBOR complex in pigeon and chicken, but also to the
medial terminal nucleus in the chinchilla and the optic lobe of the carp
(See Fite et.al.,1981 for review). The displaced ganglion cells
constitute a primary and probably exclusive source of retinal afferents
to nBOR in birds (Karten et.al.,1977, Reiner et.al.,1979, Fite
et.al.,1981. Burns and Wallman , 198I ) . Other evidence suggests that a
population of displaced ganglion cells project to the thalamus and
midbrain (Hayes and Holden , 1983a ,b) while others believe that displaced
ganglion cells project to the tectum of chickens in a non-topographic
manner (Heaton et.al.,1979).
In the adult bird the nBOR complex has connections with the
vestibulocerebellum , the inferior olivary complex, the oculomotor
nuclear complex, the contralateral nBOR complex, the ipsilateral nucleus
lentiformis mesencephali
,
pars raagnocellularis and the paraflocculus of
the cerebellum (Brauth and Karten, 1 977, Br echa et.al . , 1980) . Other
accessory optic system connections with the cerebellum have been found
in the turtle, teleost and chinchilla ( see Montgomery et.al., 1981 for
review)
.
Electrophysiologically , the units of the adult chicken nBOR complex
respond best to large stimuli ( 30°) and often have a receptive field
encompassing the entire monocular visual field. The cells are also
9directionally sensitive, especially to slowly upward-moving stimuli
(Morgan and Frost, 1981). The cells seem to be directionally selective.
In closer examination, one group of these cells prefers upward movement
and is located in the dorsal part of the nucleus, while another prefers
downward movement and is located in the ventral part of the nucleus.
Similarly oriented cells are usually found together (Burns and
Wallman , 1981 ) . McKenna and Wallman (1981) have also discovered two
structures involved in signalling horizontal slip. These are: nBORl and
the lentiform nucleus of the mesencephalon.
In terms of cell size, nBOR is divided into a dorsal part, nBORd, a
ventral part, nBOR proper, and a lateral portion, nBORl (Burns and
Wallman, 1981) . Brecha et.al. (1980) have described the cell types
found in each nBOR subdivision. nBOR proper contains large stellate,
medium ovoid and small spindle-shaped cells, nBORd contains just small
spindle-shaped cells and nBORl has larger cells than does nBORd but not
as large as in nBOR. Using the Golgi technique, Peduzzi and Crossland
(1983) have found four types of neurons in the nBOR complex of adult
chickens. Type I consists of cells with large somas (250-850 /(m ),
dendrites radiating in all directions from the cell body, and few
dendritic spines. Type II cells have fusiform bodies (150-600/^m ),
dendrites at opposite poles of the cell body, and a complex dendritic
structure. Cells belonging to Type III have elongated cell somas
(150-250>\m ) and long dendrites which rarely branch near the body. Type
IV cells have small, round bodies (75-150>^m ) and dendrites that issue
10
from opposite poles of the soma.
During the development of the ectomammillary nucleus (EM), the
retinal ganglion cell axons reach the edge of EM by the seventh day of
incubation (stage 32) and complete innervation is achieved during the
next two days (Crossland, 1979. Crossland and Uchwat, 1983) . Within nBOR,
as in most cases, large neurons are generated before smaller neurons.
Crossland and Uchwat (1983) postulated that the time of neurogenesis in
EM is correlated with neuron size. They found this to be true, adding
that the neurons are generated between stage 20 (day 3) and stage 30
(day 6.5). Therefore, many EM neurons are present before retinal axons
reach the nucleus. Crossland and Uchwat (1983) also postulated that the
adult position of EM, in the midbrain tegmentum, may not be the site of
the embryonic EM. Indeed, EM may develop from a subdivision of the
diencephalon , called the synencephalon . This structure lies at the
junction of the diencephalon and mesencephalon. Or, EM may even be of
dual origin, from both diencephalon and mesencephalon.
nBOR is generally believed to be involved in the detection of
retinal slip, and is partially involved in controlling horizontal
optokinetic nystagmus (OKN) (Burns and Wallman, 1981). (OKN is a
reflexive behavior characterized by eye saccades.) In vision, the eyes
must remain fairly stable despite movements of the head, so they must
move at the same velocity but in the opposite direction as the head. A
system that does this needs to be able to detect global movement of the
retinal image without fine spatial information. Thus, nBOR neurons have
11
large receptive fields and directional selectivity .vertically and
horizontally (Burns and Wallman , 1 981 , McKenna and Wallman, 1 98 1 , Morgan
and Frost, 1981).
nBOR function is also related to the vestibulocerebellum and
vestibular nuclei. Both the vestibular and accessory optic nuclei are
capable of acting directly upon the oculomotor nuclei and neck
motoneurons (Brauth and Karten, 1977, Montgomery et .al
.
, 1 981 ) . In
birds, the nBOR-oculomotor pathway is very prominent, and it is believed
that since the eyes of a bird are large relative to the head, the eyes
may move slowly. Thus, there may be need for extra input for optimum
performance (Burns and Wallman, 1981)
.
Fite et.al. (1979) studied the accessory optic system in pigeon and
turtle. They found that bilateral destruction of accessory optic nuclei
would not abolish horizontal OKN, but reduced the frequency of saccadic
eye movements at high pattern velocities. Thus, these nuclei are not
essential for OKN in pigeon and turtle, but do mediate responses at high
pattern velocites. Montgomery et .al
.
, ( 1982) , have obtained similar
results in frog and there is similar evidence in chinchilla (Kimm
et.al.
, 1979).
Cell Death
One of the major contemporary issues in developmental neurobiology
12
is the extent to which embryonic cell death plays a major role in
determining the final form and structure of the nervous system. In
studying any sort of cell death, it is important to differentiate
between atrophic conditions and conditions in which there is a cessation
of growth, on the one hand, and the failure of maintenance of neurons ( or
neuroblasts ) on the other hand ( Cowan , 1 970)
.
In embryology, neuronal death is usually due to the failure of
neurons to make or receive the connections required. Researchers agree
that the projection field of some peripheral population of neurons must
remain intact for the postsynaptic neurons to survive (Clarke and
Cowan, 1976, Mc Loon, 1982) . It is also found that the earlier injury
occurs, the more pronounced the effects, although this increased cell
death happens during the normal cell death period (Clarke et.al.,1976,
Boydston and Sohal,1979). If there is no embryonic injury, the cell
death rate still seems to be about 40% or more in any given CNS
structure
.
These findings raise many questions. Why, for instance, do some
cells die and some do not? What triggers cell death? What happens to
the dying cell? Some hypotheses have been suggested in response to the
questions. For instance, a pattern of cell divisions may produce a set
group of progeny cells, only some of which are necessary. Or, some
cells may be transient in function (Miller , 1 982) . There are two major
hypotheses as to the function of cell death. The first states that it
functions as a regulator of cell number. The second states that it
13
corrects for errors in connectivity by degeneration of aberrant fibers.
Both hypotheses are still under debate and neither alone accepted as the
correct answer by some authors (Finlay et.al
.
, 1982)
.
ION. In studying cell death, many researchers have used the chicken
isthmo-optic nucleus (ION) as a model system. In normal chick embryos
more than 50% of the neurons in the ION will die between days 13 and 17
of incubation ( Clarke , 1982) . Angaut and Raffin (1981) find much the
same results, with cell death reaching 60%. In terms of nunbers, the
ION contains a maximum number of cells on day 11; about 22,000, and cell
death reduces this number to 9500-10,000 neurons. After- the cell-death
phase, the population remains fairly constant (Clarke et.al., 1976,
Boydston and Sohal,1979i O'Leary and Cowan, 1982). During the cell-death
phase there is an active gliosis (phagocytosis of degenerating cells by
glia) that becomes evident. Although the early stages of degeneration
are often not seen, the later stages are characterized by a shrunken
cytoplasm surrounded by glia. One of the factors determining a cell's
fate in the ION is the availability of synaptic sites (Clarke
et .al
.
, 1976) . Hence, the magnitude of cell death can be regulated by
manipulating the periphery of the structure being examined. If the
periphery is lessened, through eye lesion or removal, the rate of cell
death should increase. If the periphery is enlarged, cell death can be
reduced (Narayanan and Narayanan , 1 978) . Boydston and Sohal (1979) have
also discovered that reduction of activity in an embryo will allow
muscle cells to become receptive to additional axons. This points out
the importance of physiological activity in the regulation of cell
death.
Spinal Cord
.
Another site used in studying cell death is the chick
spinal cord. Here, the amount of cell death can be anywhere from
30-60%. More specifically, between embryonic days 6-9, there is a 30?
loss of motoneurons; between days 9-13t another 10% die and between days
13-16 there is about another 9% loss. Since physiological activity has
been implicated in regulating cell death, Oppenheim et.al. (1982),
applied a pharmacologic blockade to the spine to see the effects on cell
number. They found that this manipulation will reduce or even prevent
the normal loss of motoneurons. Conversely, if electrical stimulation
of the limbs is performed, the rate of motoneuron death is increased.
Another study, done by Hamburger et.al. (1982), has shown that nerve
growth factor (NGF) can accomplish much the same results as a
pharmacologic blockade. When chicks received injections of NGF from
stage 21(3 days) until sacrificing, there was a reduction in neuronal
death in the spinal ganglia. Hanburger et.al. suggest that competition
involves these variables: 1) there is a limited production of a trophic
agent and 2) there is a high susceptibility of cells to deficiencies of
the trophic agent. Wang and Oppenheim (1978) used a different
manipulation on the chick spinal ganglia. After removing a limb bud
from the embryo, cell death was greatly increased. Indeed, at day 10,
15
the neuron population of the deprived motor column suffered a loss of
90J. There were two types of degeneration revealed by electron
microscopic analysis. Type I was characterized by ribosomes that
detached from the rough endoplasmic reticulum, vacuolized mitochondria
and pyknotic nuclei. Type II had dilatation of the endoplasmic
reticulum, nuclear envelope and Golgi. The dying cell would eventually
condense into one large globule, or into several smaller globules.
Systems-Matching
.
Cell death seems to have two major functions and one
indirect result seems to be what is called "systems matching ". In the
chick embryo, there is an increase in the fiber diameters of the optic
nerve. Supposedly, this increase is a function of a similar increase in
axonal flow and axonal arborization. Rager (1978) suggests that the
survival of a retinal cell depends upon the axonal branching process.
In the embryo, the ganglion cell axons numbered 4400 fibers on day 5
and experienced their maximal increment on day 8. This increase caused
the number of cells to reach 4 million by day 10/11. On day 12, cell
death began and reduced the number of cells to 2.4 million by day 18
(40% reduction). The beginning of the degeneration occurred when the
retinal ganglion cell axons reached their termination sites in the optic
tectum. (This is a very important moment in the initiation of cell
death in a nunber of projection pathways.) By the end of the
degeneration phase, the retina and tectum were finally matched in
topography.
16
Systems-matching also occurs in mammals. Sengelaub and Finlay
(1982a) have found this mechanism in the hamster. There was cell death
in the retinal ganglion cell layer too, of about 49%. Cell death seemed
to be greater in the peripheral retina than in the central retina.
(Cells in the periphery of the retina are "younger"- more recently
post-mitotic
. ) This pattern, and rate of cell death corresponded to the
areas of cell degeneration in the superficial layers of the superior
colliculus, which is a major target of the retinal projection.
Cell Death in Relation to Humans. In the study of cell death, it is
hoped that understanding the mechanisms and reasons for such an
occurance can lead to better comprehension of abnormalities of
development and even adult disease in humans. For example, Alzheimer's
disease is a phenomenon characterized by cell death. The cortex of
these patients have abnormal nerve cells which look like tangled yarn
and deposits of proteinous material, called plaques. Such affected
areas also show a large loss of acetylcholine. Tracing connections have
led to the discovery that cells in the forebrain which release
acetylcholine have disappeared . Parkinson's disease patients also have
cortical plaques, tangles and low acetlycholine. Interestingly, they
too have a loss of acetlycholine- releasing cells in the forebrain.
Whether cell loss is due to the same reasons postulated in development
remains to be seen.
17
Transplantation of Tissue and Effects
Narayanan and Narayanan (1978) have used transplantation to study
the changes in the cell number of the ciliary ganglion, accessory
oculomotor and trochlear nuclei. The effects of adding a third eye in
the chick embryo depended on the age of the embryo. There was not much
effect reported before day 13- From this time on, however, the cell
counts in the ciliary ganglia and accessory oculomotor nuclei showed an
increase of 8-27% and 9-33% respectively. The trochear nuclei also
showed an increase, from from 9-27%. In looking at the ION, Boydston
and Sohal (1979) pointed out that if neurons died due to insufficient
synaptic sites, then enlarging the periphery should reverse the
phenomenon. This effect did apply to the chick, where the added
periphery reduced cell death in the ION by about 35% (day 19).
Transplantation of a third eye primordium can also result in
eye-specific termination bands. Law and Constantine-Paton (1981) have
shown this in the frog (Rana pipiens). In this case, two retinal
projections converge upon a single tectal lobe and produce the
stereotyped bands.
One study has used albino and normal axolotls (Cole et.al . , 1982)
.
The researchers state that albino mammals have a very strong
contralateral retinal projection and a very weak ipsilateral one. When
the albino axolotl eyes were transplanted into albino and normal hosts,
however, no such situation was noted. Hence, the abnormal crossing did
18
not occur in the axolotls, albino or not.
Lesions and Their Effects
Optic Tectum. One of the most extensively studied structures in terms
of embryonic surgical manipulation is the optic tectum. The first
question that arises when looking at optic vesicle lesion effects on the
developing optic tectum is whether or not cell number is affected. Most
researchers agree that there is no effect ( Cowan, 1 971, Kelly and
Cowan, 1972). Indeed, at no time up to day 12 of incubation for the
chick embryo is there any change in cell proliferation or
differentiation following enucleation. Hence, the mitotic activity and
the primary differentiation of neurons and glia in the tectal neural
epithelium are independent of the developing eye until day 12
(Cowan, 1971, Kelly and Cowan, 1972).
On day 12 of incubation, there is a sudden change. This day marks
the end of cell proliferation in the embryonic tectum, the major tectal
layers can now be identified and retinal fibers have reached all areas
of the tectum. At this point, there is a small difference between the
deafferented side of the brain versus the control side of a lesioned
embryo. On the affected side, the absence of retinal fibers causes an
unusual extension of neurons to the pial surface (Kelly and Cowan, 1972).
By day 14 (stage 40) there is a striking absence of layer xii , the outer
stratum opticum (SO). A reduction in width from layers viii to xi is
19
also characteristic, and total tectal volume on the affected side is
reduced by 10% from the normal side. On days 16 and 1? (stages 42 and
43),the affected side is still at the stage of development of a 14 day
embryo. The control tectum is about 18% larger than the experimental
tectum. By days 19 and 20 (stages 45 and 46) the affected tectum is
dramatically reduced in size and stays at this magnitude.
Crossland et.al. (1974) have also found the optic tectum favorable
for study because of the topographic representation of the retina upon
the optic tectum. They have addressed the question whether retinal
fibers will grow directly to their sites of connections or whether
various fibers are formed which are later refined. To determine this
they ablated between 15 and 75% of the optic cup on the third day of
incubation. The results of such surgery, hopefully, would establish the
pattern of development in the optic tectum. The possibilities
hypothesized were: 1) surviving ganglion cells form synapses with the
first tectal neurons encountered; 2) the cells spread to occupy the
whole tectum or 3) the cells grow to the specific sites they would have
grown to in normal animals. Crossland et.al. (1974) found that
ganglion cells sent their axons back to the part of the optic tectum
where they would have normally synapsed. In fact, they grew over a
non-innervated region if necessary to reach their terminal locus. There
is, however, a question of the "normality" of the synapses that formed.
It is possible that the axons of the ganglion cells did grow back to the
correct topographical locus, but formed aberrant connections within the
20
zone of termination.
McLoon (1982),too, has found that lesions to the retina will produce
effects in corresponding parts of the tectum. He found , at days 10 or
12 of incubation, that the heaviest projections from the eye were
located in the part of the tectum that corresponded to the intact
portion of the retina. A very sparse projection also existed
corresponding to the ablated retinal area. McLoon was able to determine
that a superior nasal retinal lesion produced the small caudal- inferior
projection, while an inferior nasal retinal lesion produced a sparse
caudal- superior projection. By day 14 or 16, even these small
projections disappeared due to cell death. These small projections can
thus be considered transient projections but are usually evident in
early embryonic development up through the cell death phase.
Ostrach and Mathers (1979) have addressed a different aspect of
lesion effects. They hypothesize that there is a " critical period "
for cell degeneration, and that some important influence from the retina
is necessary for the continued development of the target cells at this
time. To test the hypothesis, they performed unilateral retinal
ablations on chick embryos from stages 35-39 (days 9-13). If the lesion
stage was 35 (day 9), there was some cell death in the superficial
layers of the optic tectum. If the lesion was performed at stages 37-39
(days 11-13), there was cell degeneration in the superficial layers of
the optic tectum and damage to the deeper layers. If the lesion was
performed at stage 39 and the embryo allowed to survive to stage 40-41
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(days 14-15), cell death was heavy in the primary centers and in a
nunber of secondary nuclei not directly projected to by the optic tract.
This suggested some sort of transsynaptic cell degeneration.
If the embryo was lesioned at stage 45-46 (days 19-21), there was
heavy cell degeneration in the primary centers and little in the
secondary centers. Finally, if the chick was enucleated close to
hatching (19-21 days) , there was cell degeneration in the primary
centers but none in the secondary centers. Hence, it can be seen that
damage to the primary and secondary centers is strongest if the lesion
is made between stages 40 and 44. This period, then, can be considered
a critical period for cell degeneration.
Lesions to the chick optic vesicle can produce predictable results
such as reduced projections to the tectum in corresponding retinotopic
areas and high rates of cell death at critical times. Lesions can also
produce transient retinotectal pathways. In the rat, this occurance is
already well known. The uncrossed pathway normally disappears during
the first postnatal week. If, however, the opposite eye is removed, the
pathway will remain intact (Lund and Lund, 1971, Lund and Miller, 1975,
Land et.al
.
, 1976) . In the chick embryo, unilateral enucleation will
also produce a bilateral retinotectal pathway. There are two possible
alternative explanations for this. Either there really is a transitory
uncrossed pathway that disappears unless enucleation occurs or there is
an uncrossed pathway that grows in after enucleation. McLoon (1982) has
shown that there is indeed an ipsilateral projection in normal chick
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embryos. This tract can be seen as early as 6 days of incubation,
extending into the lateral geniculate and ec torn amm ill ary nuclei. From
days 9-12, the ipsilateral projection is heavier, but does not expand
beyond about one-third of the rostral-inferior tectun. Between days 13
and ^^, the ipsilateral projection is lost completely. This seems to be
closely correlated with a wave of cell death in the ganglion cell layer,
where 40% of the retinal cells are lost.
The effects of right eye ablations in embryos on days 9-12 of
incubation show that there is damage to the contralateral optic tract,
but some ipsilateral pathway remains. Even so, the ipsilateral pathway
disappears by day 15. It is possible that the ipsilateral projections
were unable to maintain connections in the target nuclei and died. It
is also possible that some retinal ganglion cells project bilaterally
and then withdraw the ipsilateral fibers later in development (McLoon
and Lund, 1982). There have been various other studies involving
ipsilateral branches. Ferreira-Berutti (1951) was one of the first to
find this phenomenon in the chick embryo, by preventing one optic nerve
from growing to the optic chiasm. In rabbits, perinatal enucleation of
one eye produces a small ipsilateral pathway from the remaining eye
( Chow et .al ., 1 973) . In rats, an uncrossed pathway will remain after
birth if an eye is removed during the first postnatal week (McLoon and
Lund, 1982)
.
It is interesting, of course, to see the effects of eye lesions or
removals. Hughes and LaVelle (1975) have taken a different course and
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have seen vAiat effects tectal lesions have on the eye. Specifically,
they wished to know what retrograde influence the tectal field may have
on maintaining retinal ganglion cells. The axons from the retina are
found in the contralateral optic tectum of the chick embryo on day six.
If the tectun receives unilateral or bilateral lesions, one result is
that the optic tectum fails to develop. Since the tectum does not
develop, there are also changes in the retina. These are, specifically,
losses of ganglion cells contralateral to the lesion. Although the loss
of cells is not apparent at 11 days, it is by day l^*, with a less
layered appearance amongst the ganglion cells. At 17 days, the
experimental retina is one-third to one-half the size of the normal
retina and many of the small ganglion cells have disappeared. Hughes
and LaVelle point out that the reduction in cells coincides with the
time when connections would become organized in the stratum griseum et
*fibrosum super ficiale of the tectum. Thus, the systems-matching concept
seems to apply in reverse as well.
LGN. Lesion studies have also been applied to the lateral geniculate
nucleus of mammals. In the lateral geniculate nucleus (LGN), one can
produce cell reduction by lesion or deprivation. Wiesel and Hubel
(1963) showed that visual deprivation in young kittens will result in
size differences in the cells of the LG body. If the kittens are
deprived of light for 3 months after birth, the area of lamina A of the
contralateral LGN is reduced 40% and lamina B is reduced by 25%. If the
monocular deprivation is performed at 2 months, the effects in the
laminae are not as severe. In the adult, monocular lid closure has no
effect upon the geniculate cells.
Crossland (1981) has used tectal lesions to study avian geniculate
projections. Chicks were given tectal lesions on the day of hatching.
This removed the tectogeniculate input to the ventral lateral geniculate
nucleus (GLv) and also destroyed some retinotectal axons. After 3-10
weeks, some retinogeniculate projection appeared in the GLv area
corresponding to the tectal lesion site. Changing the lesion site led
to changes in the retinal projection to the GLv. Thus, it can be seen
that GLv receives topographically corresponding projections from the
optic tectum and retina.
ION. The avian isthmo-optic nucleus (ION) is another structure that has
been studied in terms of early manipulation. As has been noted earlier,
many structures, including the ION are not affected initially by the
removal of an optic cup. (The ION does not receive direct retinal
projections, but receives input from the tectum.) This means that the
initial proliferation of neurons, migration and aggregation to form the
nucleus in the chick embryo are not disturbed by the early surgery on
the eye
.
Until day 13 of incubation, the experimental ION is completely
normal. Shortly after, however, cell death becomes accentuated, so that
by stage 43 (day 17), few or none of the affected ION neurons are
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present (Clarke and Cowan, 1976). It is also interesting that there is
degeneration in the ION ipsilateral to the eye removal. The ipsilateral
projection, however, does not survive after 17 days of incubation and is
considered a transient pathway.
Lesion Effects in Other Species. Various other species have been
studied to determine the effects of eye surgery. Constantine-Paton
et.al. (1981) have looked at the frog (Rana pipiens). After both eye
primordia were removed at aiumway embryonic stage 17, there was a severe
volume reduction in the thalamus, optic tectum and isthmic nuclei.
Interestingly, though, the topography of the isthmo-tectal and
tecto-isthmic projections were normal. Therefore, retinal contacts are
not an important factor in developing positional cues involved in
mapping.
In the rabbit, there are uncrossed optic fibers, even though these
are few. They terminate in the ipsilateral LGN and superior colliculus.
If the rabbits undergo unilateral enucleation at 20 or 25 days of
gestation, the ipsilateral projection increases. Even so, this
anomalous projection was not functional; it did not respond to light
stimulation or electric shocks. It was hoped that the enucleation would
have facilitated functional connections, but the enucleation may have
been too late in development. Earlier surgery could have led to a
greater amount of reorganization (Chow et .al
.
, 1981 )
.
Cowan (1970) has reported that unilateral eye ablation in fetal
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guinea pigs will lead to neuronal degeneration in the superior
colliculus in as little as four days after surgery. If the same
procedure is done to older animals, comparable changes were not found
until nine days after surgery.
EM. The structure of most interest in terms of lesion studies is the
ectomammillary nucleus (EM), since some difference of opinion exists
concerning its response to embryonic enucleation. Removal of a
developing eye in the chick embryo has no effect upon cell
proliferation, migration or aggregation of the EM. Indeed, at days 9
and 10 there is no difference between the control and experimental EM.
On the eleventh day, the affected EM seems smaller than the control EM,
even though the total nunber of cells seems the same. By day 14, many
degenerating cells can be seen in the experimental EM, and this amount
increases through day 16. Day 18 shows a dramatic reduction in the
affected nucleus; frequently EM is completely gone ( Cowan, 1 971 ) .
Crossland (1979) however, has found quite different results. After
ablating the optic cup in early incubation, he found that EM did not
form. Observations from stage 31 (day 7) to stage 36 (day 10) indicated
that EM was either completely missing or that a small collection of
cells remained in the nucleus area. Crossland suggested that perhaps
the neurons of EM degenerated completely when deprived of retinal
contact, or that the EM primordium failed to form in the beginning.
Other hypotheses state that transneuronal death in EM may occur so
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quickly that each neuron dies upon arrival in the midbrain, or perhaps
there is some effect on cell migration.
Peduzzi and Crossland (1983) looked at eye enucleation effects in
hatched chicks. When surgery was performed on the day of hatching,
chicks demonstrated a reduced EM in one week. After 5 weeks, the volume
of EM had been reduced by 50%. Both researchers warn that the amount of
cell death in each type of neuron cannot be determined exactly. There
is still the question whether cell loss is distributed evenly over cell
sizes or if there are non-uniform effects. Peduzzi and Crossland do
believe, though, that cell death in the EM affects all neuron types.
Research Goals
The following attempts to investigate some of the questions raised
by previous studies concerning the development of the ec torn amm ill ary
nucleus. 1) First, Crossland (1979) has stated that ablation of one
optic vesicle in a chick embryo will cause a failure of the EM to form.
If this is true,then the following work will replicate his findings. 2)
There is the question as to the effects of partial eye lesions versus
complete eye lesions on EM. The existence of a remnant eye may provide
a reduced but existant periphery for EM when compared to a completely
missing eye. Whether extra periphery has any effect on EM size, then,
is the second question to be answered. 3) Thirdly, McLoon (1982), in
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working with optic vesicle removals in chick embryos has discovered that
the optic tectum has an early retino topic map. It is not known if the
EM has retinal topography. This question may be addressed by the
half-eye preparation (see Methods).
CHAPTER II
Methods
Fertile chicken eggs (White Leghorn) were obtained from Tilson
Farms, Amherst, Massachusetts and incubated in a forced draft incubator
at ST'C with 60% humidity. After 2 days of incubation (45-49 hours,
stage 12), the eggs were removed from the incubator for surgery. (This
particular time was chosen to replicate Crossland's (1979) work.) The
eggs were candled to locate the embryo. A small hole was then made in
the shell near the embryo. The embryo was then staged according to
developmental criteria established by Hamburger and Hamilton (1951) and
the right eye located. All instruments- used were cleaned with 95$
alcohol
.
For complete eye ablation, a fine cautery tip was placed next to the
eye (approx. 2 sec.) until the whole eye primoidium turned an opaque
white color. The hole in the shell was then sealed with cellophane tape
and the egg was returned to the incubator. 25 eggs were treated in this
way, of which 10 eggs survived.
In order to produce partial eye lesions, the cautery tip was placed
next to either the superior or inferior half of the eye. Again, this
was done until the eye tissue became an opaque white color (approx. 1
sec). Then the egg was sealed as before and returned to the incubator.
20 eggs were treated in this way, of which 10 eggs survived.
Normal chicken anbryos were incubated the same way as the
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experimental embryos, except that no cauterization was used. After
opening the shells (45-49 hours incubation time), the embryos were
staged, the holes resealed and the eggs returned to the incubator. 50
eggs ere treated in this way and 24 survived.
At days 6, 8, 10, 12, 14, and 16 of incubation, embryos were sacrificed.
(The eyes were weighed and measurements made of their diameter and
antero-posterior length.) The brains were trimmed of skin, cartilage
and beak, but otherwise left intact. The brains were then immersed in
Carnoy's Solution overnight. They were then dehydrated in 70% ethanol
,
cellosolve and chloroform, embedded in paraffin unblocked and cut
serially (coronal plane) at ^2Hfn on a microtome. Serial sections were
mounted on slides, deparaf fini zed and counter stained with thionin.
EM was located in the embryo by first finding another structure, the
stratum griseum centrale of the optic tectum; which appears at
approximately the same time as EM but is more conspicuous. Then, EM was
located at the ventro-medial border of the stratum opticum by its
characteristic oval shape ( Atlas- Karten and Hodos, 1966). A
representative EM section was chosen in the following way. The first
and last sections containing EM were noted. The nunber of sections
containing EM were counted. This nunber was halved and the section
corresponding to the midpoint was considered to be the representative
section of EM. The middle section from both left and right EM's of the
same brain were selected in this way.
From this representative EM section, an areal measurement was taken.
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The nucleus was magnified (M3X) by a Bausch and Lomb microprojector onto
a piece of millimeter graph paper. An "envelope" was then drawn around
the dense concentration of cells comprising EM. (At lower magnification
EM is more easily seen as a compact nucleus.) Area was calculated as
the area contained within the envelope (mm*) divided by H3.
Cell-density counts were also taken for each representative EM
section. A 10.8 mm^ rectangular grid was superimposed over the center of
EM in the representative EM section magnified at 400X. Cells were
counted within this grid. (Cells in 1 focal plane were counted. Also,
only cells with a visible nucleus were noted.) The grid was then
compared to the total area of the EM section to determine what
proportion of the total area it represented. The sample area of a
section was then increased by a factor to equal the total -area of the
representative section. The number of cells in the sample area was also
increased by the same factor; resulting in an estimate of the number of
cells in the entire EM section.
C H A P T E R III
RESULTS
EM in Nonnal Chicken Embryos
EM was first observed in the nonnal chicken embryo at 8 days of
incubation. It was characterized by a thin, oval shape. The average
area and the average nunber of cells is found in Table 1.
In the 10-day, normal chicken embryo (stage 36), EM is
characteristically ovoid in shape. The average area, from 4 normal
embryo,s is 22 mm^( Table 1), and the average nunber of cells is 189
(Table 1). The average area is significantly increased over day 8 (t=
10.8, p'^.OOl , df=14). By day 12, there is a significant increase in
the average size of EM (4 embryos, t=5.5, p«:.001) to 54 mm^. This
increase is due to a major and significant increase in the nunber of
celld to 384 (t=9.75, p<.001 , dfr14) (Table 1). On day 14 of
incubation, EM in 4 embryos has decreased slightly (Table 1). By day
16, a relatively stable EM size is reached (4 embryos). The, average
area is 32 mm^ , which is significantly different from the measurements
of day 14 (t=5.22, p<.001 , df=14). The nunber of cells in EM on day 16
is 189- This is a significant decrease from day 14 (t=4.9. P"^ .001 ,
df=14). The cell count also represents a 51? decrease as compared to
the highest count at day 12 (Table 1). Thus, the largest nunber of
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cells are found on day 12. See Diagrams 2-3, Figures 1-10.
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EM in Ehibryos with Unilateral Optic Lesions
In these embryos, the right eye was lesioned, causing the
contralateral (or left) side of the brain to be affected. (The term
ipsilateral means the right side of the brain in this study and receives
input primarily from the unoperated eye.) There were two types of
lesions, total and partial. At this time, no distinction will be made
between them, so as to give a more general picture of the effects of
lesions. (There are 4 embryos for each of the days 6,8, 10,12,11 and
16.)
6
-Day EM is not present in the 6-day embryo.
8 -Day See Tables 1-3. Tuese figures are not significantly different
from normal 8-day embryo figures.
1 0-Da
y
In the 10-day embryo, operated on at 2 days, the affected EM is
the largest it will be over the days 10-16. The average area is 12 mm"^.
This is significantly smaller than the average area of EM in a normal 10
day embryo by about 46% (t=5, p< .001 , df=10). The ipsilateral EM
(right side of the brain) shows an average area of 20.6 ram*^. This is
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very close to the area of EM in a normal 10 day embryo, being reduced by
about 6%. Cell counts on day 10 reveal an average affected EM total of
54.5 cells. The ipsilateral average was 99 cells. Thus, the affected
EM is significantly reduced in cell nunber by 72% (t=7.08, p'^.OOl
,
df=10), and the ipsilateral EM is significantly reduced by H8% (t=4.09,
p-^.005
,
df=10) as compared to a normal embryo.
12-Day The 12 day (2-day old operated) embryos also showed effects of
early surgery. The affected EM area average was 10.9 ram^. This is
significantly lower than a normal 12 day EM (t=15.9t P'^.001 , df=10) , by
80%. The ipsilateral EM area average was 45 mm'*" . This is not
significantly lowered as compared to a normal 12 day EM, with a 17%
reduction in area. The comparison between the 10 day affected EM and
the 12 day affected EM shows no real reduction in area over the 2 day
period. The same comparison of ipsilateral EM's shows a significant
increase (t=6. 1, p^.001 , df=10). Cell counts in the affected EM are
significantly lower than in normal EM's (t=5.38, P'^.OOI , df=10) by
about 89%. Cell density in the ipsilateral EM is much lower than in
normal 12 day EM's (t=3.02, p<.01
,
df=10) by 51%. A comparison with
day 10 EM's shows a large difference between the affected EM's (t=2.5, P
^025
,
df=6) and between ipsilateral EM's (t=3.07, p<.025 , df=6) over
the two day period. See Tables 1-3.
1 4-Da y In the 14 day embryo, the affected EM area average was
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substantially lower than in the normal 14 day EM (t=8.74, p'^.001
,
df=10) by 78%. The ipsilateral EM area average was not significantly
lower than the normal EW area; reduced only by 10%. The 12 day affected
EM compared to the 14 day affected EM showed no significant difference
in area. The same applies to the comparison of ipsilateral EM's at 12
and 14 days. Cell counts at day 14 show an average affected EM total
which is much less than in a normal 14 day EM (t=7.87i p^.001 , df=10)
by 87?. The ipsilateral EM cell count average was significantly lower
than in a normal embryo (t=4.27, p-^.001
,
df=10) by about 46?. When
affected and ipsilateral EM's were compared over days 12-14, no
significant decrease was found. See Tables 1-3.
16-Day At 16 days, the affected EM area average is 64% reduced as
compared to a normal EM and is significant (t=6.77, P*^ .001 , df=10).
The ipsilateral EM average area constitutes a 5% reduction in area when
compared to a normal 16 day EM, which is not significant. A comparison
of the affected EM area at 14 days and the same at 16 days shows little
difference. On the other hand, a comparison of ipsilateral EM's does
show a significant decrease over the 2 day period (t=4.11, p<.005 ,
df=6). Cell counts show that the affected EM average was significantly
less than in a normal embryo. (t=4.38, p<.001 , df=10) , by 79?. The
ipsilateral side also shows a significant lack of cells when compared to
a normal 16 day embryo (t=7.09, p<. 001 , df=10). The average cell count
was 42? less than normal. Comparing the cell counts at day 14 and at
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day 16 show very little difference in affected EM's. A similar
comparison of the ipsilateral EM's does show a significant decrease
(t=5.09, p'^.001
,
df=6). Results are summarized in Tables 1-3.
There was one embryo which, when sacrificed at 16 days, was found to
have no eyes. This chick had no EM on either side, nor any EM
primordial tissue. Hence, EM area for this onbryo was calculated as
being zero.
EM Area in Relation to Remnant Eyes
EM size was also analyzed in terras of whether or not a remnant eye
existed at the time of sacrifice. (Two embryos with total unilateral
optic oblations and two with partial lesions were studied at each
survival time.)
8 -Day See Table 4 for area averages. These figures are not
significantly different from a normal 8-day embryo, (area= 8.47 mm'*') nor
significantly different when rannant and non-remnant measures are
compared. See Table 5 for cell count averages. (Remnant eye wt
.
ranges .1-. 15 gm, normal embryo eye wt.= .2 gm, normal EM cell count
averager 48).
1 0-Da ys See Table 4 for area averages. (Remnant eye wt.= . 08-. 09 gm.
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normal embryo eye wt.=.23 gm)
.
A comparison between contralateral EM's
shows no appreciable difference. This also applies to a comparison
between ipsilateral EM's. (Normal 10-day EM area= 22 mm*). See Table 5
for cell count averages. Comparisons of contralateral EM's show no
significant difference. The same is true for the ipsilateral EM's.
(Normal 10-day EM cell count= 189).
1 2-Day See Table 4 for area averages. (Remnant eye wt . range= .01-. 16
gm, normal embryo eye wt.=.28 gm, normal enbryo EM area= 54 mm .) See
Table 5 for cell count averages. (Normal 12-day EM cell count= 384).
1 4-Da
y
See Table 4 for area averages. (Remnant eye wt . ranges
.04-. 05gm, normal embryo eye wt.= .29 gm, normal embryo EM area= 44 mnl^
). See Table 5 for cell count averages. (Normal 14-day EM cell count=
308). The ipsilateral EM measures are significantly different (t=3.33,
p^.05 , df=2).
1 6-Da See Table 4 for area averages. (Remnant eye wt . range= ,01-. 27
gm, normal embryo eye wt.=.36 gm) . (Normal 16-day EM area = 32 mm'^ ).
See Table 5 for cell count averages. (Normal 16-day EM cell counts
189). The ipsilateral counts were significantly different (t=8.04, p
^02
,
dfs2). See also Diagrans 2-3, Figures 1-18 for summary of
results.
Further exanination of the embryos with a remnant eye showed that
38
the cell counts of contralateral EM's corresponded to the amount of eye
that remained. (The ipsilateral EM's did not show any clear pattern.)
Hence, if the remnant eye was large, the affected EM was also large; if
the remnant eye was small, the EM was also small. It must be noted,
though, that this refers to a comparison within one age group at a time.
If all ages are compared together, there is no longer the same sense of
a linear relationship (Tables 5 and 6). It is also interesting that the
remnant eyes were not deformed in any way. They were identical to
normal eyes, except that they were smaller (Diagram 4).
CHAPTER IV
DISCUSSION
EM iri Normal Embryos
The present study has produced a pattern of results that are
consistent with Cowan's previous study (1971). Indeed, EM in normal
chick embryos seems to follow a predictable pattern of cell growth and
cell death. The maximun EM size occurs by 12 days of incubation.
Afterwards, however, a decline can be seen until the size stabilizes
around day 16. Previous research has found similar results for this
structure, and for ION (Clarke et.al., 1976, Boydston and Sohal , 1979,
O'Leary and Cowan, 1982). The reduction in cell density for normal ,
unoperated embryos over the 10 day to 16 day period is 51?. This is
very close to the decrease found by other researchers (Angaut and
Raffin,1981, Clarke , 1982 ) . EM does not change in overall shape, despite
cell death , thus implying that cell death occurs in each type of neuron
Jound in EM; hence a "balanced" or uniform effect.
(Seneral Effects of Early Optic Lesions
There are a few patterns that emerge from the present data. First,
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the contralateral EM's are alvjays significantly smaller in area than in
normal embryos . The ipsilateral EM's, however, are not significantly
reduced when compared to normal embryos of the same age. The
contralateral EM areas also show steady, if small, decreases in area
over time. The ipsilateral EM's, though, show an increase in area on
day 12 and then a steady decrease. This pattern is characteristic of
normal EM embryonic development.
In analyzing cell density counts it is apparent that early surgery
has pronounced effects on the number of cells present at any time
between days 10-16. Both the affected EM's and ipsilateral EM's show
significant reductions in cell number as compared to their normal
counterparts. The affected EM's showed the most loss on day 12. This
is probably due to the effects of cell death. The ipsilateral EM's
suffered large losses more steadily throughout days 10-16.
Complete Monocular Ablation Effects
The embryos with complete monocular ablation demonstrated the most
severe effects of surgery over time. In terras of area, the affected
EM's are much smaller than in normal embryos, and their areas decrease
over time. The ipsilateral EM's in operated embryos are also reduced in
area when compared to normal EM's, but development follows the same
pattern as in normal EM's. Hence, there is an increase in area at day
41
12, and then a gradual decrease. The same patterns apply to cell
density counts.
Partial Monocular Ablation Effects
Embryos with partial optic lesions show less severe effects of
surgery than do the total monocular ablation embryos. Area measurements
show that affected EM's follow a similar developmental pattern as in
normal embryo EM's. (The exception is on day 16, where there was one
embryo with an exceptionally large remnant eye. This increased the area
average more than was expected.) The ipsilateral EM's also followed a
pattern similar to normal EM development. Both affected and ipsilateral
EM's have smaller area measurements than found in normal embryo EM's.
Cell density counts reveal the same patterns mentioned above.
Significance of Results
The data and resulting patterns of development bring up several
points. It seems that the data on normal embryo EM's corroborates
earlier research, as mentioned before. The data on surgically
manipulated embryos agrees fairly well with Cowan's (1971) findings.
Cowan, however, stated that early manipulation of the eye did not result
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in a reduced cell count at day 10. The present data show that there is
such a reduction, not only for the affected EM, but also for the
ipsilateral EM. From day 12 to day 16 of incubation, however, the
results do agree with Cowan's work.
The data obtained on embryos with total monocular ablations is quite
different from Crossland's findings (1979). Crossland reported that
removal of an optic cup early in the incubation of an embryo resulted in
the failure of EM to form. It is evident from the work presented here
that EM is indeed present in these unilaterally ablated embryos when
examined at day 10. EM only begins to degenerate/disappear at 12 days
of incubation. Hence, this early eye removdl appears to have little
effect on the migration or aggregation of EM, as Cowan has pointed out.
Further, this study fails to support Crossland's hypothesis that EM is
different from other structures; i.e. that it can be drastically
altered by early surgery.
The data also demonstrate the importance of the peripheral organ and
its axonal ingrowth during development in regulating the size of the
nucleus it innervates. The embryos lacking an eye always had a smaller
EM area than did the embryos with a remnant eye. The retina is the
peripheral field that innervates EM, and thus becomes the most important
factor for predicting EM size. EM size, as mentioned earlier, was
correlated with the amount of remnant eye left.
Another factor that should be considered in studying the effects of
unilateral ablations is transient pathways. Previous work by McLoon and
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Lund (1982) have shown that early embryonic ipsilateral pathways do
exist in chick embryos, at least in terms of retinofugal connections.
This may be an important factor in determining EM size in both total and
partial eye ablations. In an embryo with one normal eye and one remnant
eye
, an ipsilateral pathway from the remnant eye would be reduced in
size, thereby leading to a smaller ipsilateral EM than is seen in the
normal unoperated embryo. (This assumes that total innervation from
both contralateral and ipsilateral axons determine EM size and cell
number.) Just such a result was obtained. If there was no remtiant eye,
only the ipsilateral input would exist, and EM would be considerably
smaller than normal.
One reason for inferring that such an ipsilateral pathway exists
stems from the fact that the ipsilateral EM's are smaller in operated
embryos with contralateral eye lesions than in normal embryo EM's.
Hence, the ipsilateral EM must receive a reduced or non-existant
ipsilateral pathway which, if it had been of normal size, would have
helped produce a normal size EM. Also, remnant eye embryos did indeed
have larger EM's than embryos without the one eye. There is no direct
evidence that ipsilateral pathways contribute to EM size, however.
Surgery and associated trauma may have produced some effect on brain
size in general and on EM size as well. If the ipsilateral pathway is
transient, its size may normally decrease during development, and eye
ablation or eye lesion may alter either its size and/or subsequent
development. McLoon (1982) has found, however, that transient
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retinotectal pathways appearing in the chick are not lesion-induced or
affected developmental! y by the lesion. They are projections
originating from parts of the retina to "inappropriate" (i.e. non-adult
pattern) regions of the tectum, which disappear between 12 and 14 days
of incubation. Whether this situation also applies to EM remains to be
seen, and requires the use of direct labelling of such pathways with
anterogradely transported labels such as HRP or radioactive amino acids.
The 16 day embryo with both eyes ablated can be considered an
example of a case where there were no peripheral fields, no ipsilateral
pathways and no EM on either side of the brain. Therefore, the
ipsilateral pathway in the case of the single ablated eye case must
account for the remaining EM. Direct evidence would involve injection
of tracer materials into the remaining eye for anterograde labelling of
both EM's. Unfortunately, such techniques are difficult, unreliable and
also surgically traumatic to the developing embryo.
McLoon (1982) has found that lesions to specific areas of the retina
produced losses of cells in corresponding areas of the tectum In the
present study, no such correlations in topography were evident. A
lesion to either the superior half or inferior half of the developing
optic cup resulted in the same loss of cells in EM. A number of other
studies have indicated a lack of retinotopic organization in nBOR based
upon electrophysiological and anatomical methods. The present data are
therefore consistent with such findings.
It appears that cell death is as prominent in EM as in other
'»5
structures mentioned earlier. Indeed, the patterns and amount of cell
death are similar. For example, the nunber of cells in the ION are
reduced by 50-60% between days 13 and 17 of incubation (Clarke, 1982).
In EM, cell death (normal embryos) reduces the number of cells by 51%,
during the same time period. The optic tectum is also similar to EM in
that there is a dependence of tectal cells upon retinal input for
continued growth from day 12 of incubation (Crossland et.al., 1975).
EM, as shown from the data, is also dependent upon retinal input. If
the input is missing, there is increased cell death, starting from day
12-13 of incubation. It is evident, too, that in the ION, optic tectium
and EM, cell death does not begin at the same time incoming axons arrive
at their respective destinations. (ION- 8 days, optic tectum- 6 days,
EM- 7-8 days). Thus, based upon the evidence above, ipsilateral EM cell
death and contralateral EM cell death patterns and rates in operated
embryos should, and does differ. Ipsilateral EM cell death more
resembles normal cell death because of the continued retinal input from
the left eye. Contralateral EM cell death showed increased cell death
due to the early surgery on the right eye; however, a more "normal"
pattern prevailed if a remnant eye remained. This also suggests that
the addition of a third eye in the embryo will reduce cell death by a
large amount. It also suggests that the pattern of cell death will not
change because of an added eye, but that cell death will begin as in the
nonaal embryo at around 12-13 days of incubation. Cell death poses a
problem in terms of cell counts. It is extremely difficult to
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distinguish between glia and neurons, and between live and dying cells.
Hence, cell counts must be viewed as a rough estimate.
It seems that EM is one of the first central visual nuclei to be
innervated by the retina (Crossland, 1979, Crossland and Uchwat, 1983).
There is now evidence (Fite et.al., 1983) that EM may be one of the last
central visual nuclei to die in cases of retinal degeneration. Thus, it
could be considered the most fundamental retinorecipient area.
Therefore, studies on EM are important not only in a behavioral sense,
but in understanding a most basic system. As EM is similar to other
structures in the central nervous system, it is, in some ways, a model
for systems that are "hard-wired" and vital for brain function.
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Table 1
The Average Area and Cell Count of EM
in Normal Chick Embryos
Over Days 6-16 of Incubation
Day EM Area (mm^) Estimated Total # of Cells
6 0 0
8 8.5 ^8
10 22 189
12 5^ 384
14 44 308
16 32 189
Table 2
The Average Area of EM in Operated Chick Embryos
and Area Reduction as
Compared to Normal Embryo EM Area (mm ^)
Day
^'c§^'!i*i^i°"
6 0 0 0 0
8 7.8 7.6 8 10
10 12 20.6 46 6
12 10.9 45 80 17
14 9.9 39.7 78 10
16 11.9 30.4 64 5
Table 3
The Average Cell Count of EM in Operated Chick Embryos
and fo Reduction as
Compared to Normal Chick Embryos
Day Cell Count of EM fo Reduction
Contra Ipsi Contra Ipsi
6 0 0 0 0
8 46.7 47.7 3 1
10 54.5 99 72 48
12 45 191 89 51
14 40.5 167 87 46
16 40 111 79 42
Table iJ-
EM Area in Embryos with Remnant Eyes
vs.
EM Area in Embryos without Remnant Eyes
DaZ Normal EM Area EM Area (mm^) EM Area (mm^)
(mm2) Remnant Eye Total Lesion
Contra Ipsi Contra Ipsi
6 0 0 0 0 0
8 8.6 8.25 7.15 7.05
10 22 12.9 25.9 11.1 15.3
12 54 15.3 ^+6.6 6.5 43.2
Ik Ik.k 39.8 5.5 39.6
16 32 18 32.5 5.5 28
Table 5
EM Cell Counts in Embryos with Remnant Eyes
vs
.
EM Cell Counts in Embryos without Remnant Eyes
Day Normal EM Cell EM Cell Count EM Cell Count
Count Remnant Eye Total -Lesion
C ontra Ipsi Contra Ipsi
6 0 0 0 0 0
8 k8 55 52 38.5 43.5
10 189 60 125 k9 73.5
12 38k 66.5 206.5 2k 175
Ik 308 56 172 25 162
16 189 6k 129 16 92
Table 6
Remnant Eye Weight
vs.
EM Cell Counts
Day Remnant Eve Wt. (gm)
8 .1
.15
10 .08
.09
12 .01
.16
Ik .Ok5
.05
16 .01
.27
EM Cell Counts
Contra Ipsi
58 51
52 53
k7 129
73 121
53 2^2
80 171
51 172
62 173
57 128
71 131
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Diagram 1. S&fS cmd. ION
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Diagram 2. EM Area: Normal Embryos vs.
Remnant Eye Embryos vs. Total
Lesion Eye Embryos
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Diagram 3- EM Cell Counts: Normal Embryos vs.
Remnant Eye Embryos vs. Total
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Figure 2. Right EM, 8 day embryo (320X)
Figure 4. Right EM, 10 day embryo (320X)
Figure 6. Right EM, 12 day embryo (320 X)
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Figure 7. Left EM, 1^ day embryo (320X)
Figure 9. Left EM, 16 day embryo (320X)
Figure 10. Right EM, 16 day embryo (320X)
Figure 12. Right EM, 10 day lesioned embryo
(320X)
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Figure 13 . Left EM, 12 day lesioned embryo
(320X)
Figure 1^. Right EM, 12 day lesioned embryo
(320X)
Figure 15 • Left EM, Ik day lesioned embryo
(320X)
Figure 16. Right EM, 14 day lesioned embryo
(320X)
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Figure 17. Left EM, 16 day lesioned embryo
(32OX)
Figure 18. Right EM, 16 day lesioned embryc
(32OX)


